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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinventionrelates to a liquid storage
unitto be used in aliquid discharge apparatus configured
to discharge liquid onto a recording medium, and more
particularly, to a mechanism for removing bubbles from
a liquid storage unit.

Description of the Related Art

[0002] A liquid discharge apparatus including a liquid
tank and a liquid storage chamber configured to hold lig-
uid supplied from the liquid tank and supply the liquid to
a liquid discharge head is publicly known. Air may enter
the liquid storage chamber due to various factors. The
air may cause decrease in filling efficiency of the liquid
from the liquid tank to the liquid storage chamber, and
the entry of air to the liquid discharge head may affect
the discharge. In Japanese Patent Application Laid-
Open No. 2008-290419 and Japanese Patent Applica-
tion Laid-Open No. 2002-370374, a liquid discharge ap-
paratus including a liquid storage chamber having a bel-
lows structure and a mechanism for expanding and con-
tracting the liquid storage chamber in its axial direction
is disclosed. When this mechanism is actuated, the entire
liquid storage chamber is expanded and contracted,
thereby being capable of discharging the air stagnating
in the liquid storage chamber to the liquid tank.

[0003] In the liquid discharge apparatus disclosed in
Japanese Patent Application Laid-Open No.
2008-290419 and Japanese Patent Application Laid-
Open No. 2002-370374, the entire liquid storage cham-
ber needs to be expanded and contracted, thereby being
difficult to increase the thickness of the liquid storage
chamber. Also in the bellows structure, it is preferred that
the liquid storage chamber be thinner for the purpose of
securing sufficient flexibility. On the other hand, the thin
liquid storage chamber has high air permeability, and
hence air is liable to enter the liquid storage chamber.
The air thus having entered is mixed with liquid to become
bubbles and stagnate in the liquid storage chamber. As
a result, the frequency of the process of discharging the
bubbles in the liquid storage chamber toward the liquid
tank is increased. When a thick structure is employed for
the purpose of reducing the air permeability of the liquid
storage chamber, the liquid storage chamber cannot be
expanded and contracted satisfactorily, thereby being
difficult to discharge the bubbles in the liquid storage
chamber to the liquid tank.

SUMMARY OF THE INVENTION

[0004] Itis an object of the presentinvention to provide
a liquid storage unit capable of discharging bubbles in a
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liquid storage chamber to a liquid tank, and reducing the
frequency of discharging the bubbles in the liquid storage
chamber to the liquid tank.

[0005] According to an embodiment of the present in-
vention, there is provided a liquid storage unit, including
a first liquid storage chamber having a constant volume
and being capable of holding liquid supplied from a liquid
tank; a second liquid storage chamber communicating
with the first liquid storage chamber; a pressure control
chamber configured to change a pressure of the pressure
control chamber through actuation of a pressure control
unit; and an elastic member being configured to tightly
partition the second liquid storage chamber and the pres-
sure control chamber from each other and being deform-
able so as to increase and decrease a volume of the
second liquid storage chamber in accordance with the
pressure of the pressure control chamber.

[0006] The volume of the second liquid storage cham-
ber is increased and decreased through the deformation
of the elastic member in accordance with the pressure
of the pressure control chamber. Thus, the volume of a
combined space of the firstliquid storage chamber, which
communicates with the second liquid storage chamber
and has a constant volume, and the second liquid storage
chamber is increased and decreased, with the result that
bubbles stagnating in the first liquid storage chamber can
be discharged to the liquid tank. The first liquid storage
chamber has a constant volume, and hence there is no
need to deform the first liquid storage chamber itself.
Therefore, when the thickness of the first liquid storage
chamber is increased, the air permeability of the first lig-
uid storage chamber can be suppressed. As a result, the
bubbles are less liable to be generated in the first liquid
storage chamber, thereby being capable of reducing the
frequency of the process of discharging the bubbles to
the liquid tank.

[0007] Furtherfeatures of the presentinvention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1 is a schematic top view of a liquid discharge
apparatus and liquid storage units.

FIG. 2 is an overall perspective view of the liquid
storage units illustrated in FIG. 1.

FIG. 3 is an exploded perspective view of the liquid
storage units illustrated in FIG. 1.

FIG. 4 is an exploded perspective view of the liquid
storage units on which liquid tanks are not mounted.
FIG. 5is a schematic sectional view of the liquid stor-
age units when viewed from the line 5-5 of FIG. 4.
FIG. 6is a schematic sectional view of the liquid stor-
age unit when viewed from the line 6-6 of FIG. 4.
FIGS. 7A and 7B are conceptual views of a joint
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member.

FIGS. 8A, 8B and 8C are conceptual views of an
elastic member.

FIG. 9 is a schematic perspective view of a joint
member according to another embodiment of the
present invention.

FIG. 10 is a conceptual view of a seal member to be
combined with the joint member of FIG. 9.

FIG. 11 is a sectional view of the elastic member.
FIG. 12 is a sectional view of an elastic member ac-
cording to another embodiment of the presentinven-
tion.

FIG. 13 is a sectional view of an elastic member ac-
cording to another embodiment of the presentinven-
tion.

FIG. 14 is a sectional view of an elastic member ac-
cording to another embodiment of the presentinven-
tion.

FIG. 15 is a schematic sectional view of a liquid stor-
age unit according to another embodiment of the
present invention.

FIGS. 16A and 16B are schematic sectional views
illustrating a configuration of a meniscus holding
structure.

FIGS.17A,17B and 17C are views illustrating a bub-
ble returning mechanism and a bubble returning
process.

FIGS. 18A, 18B and 18C are views illustrating a bub-
ble returning mechanism and a bubble returning
process according to another embodiment of the
present invention.

FIG. 19is a view illustrating an arrangement position
of a flow resistance increase portion.

FIGS. 20A, 20AS, 20B, 20BS, 20C, 20CS, 20D, and
20DS are views illustrating various configurations of
the flow resistance increase portion.

DESCRIPTION OF THE EMBODIMENTS

[0009] Now, embodiments of the presentinvention are
described in detail with reference to the drawings. In the
following embodiments, a liquid discharge head dis-
charges liquid such as ink while moving relative to a re-
cording medium, to thereby form an image. In the em-
bodiments of the present invention, a liquid tank is re-
movably mounted on the liquid discharge head, and liquid
is directly supplied from the liquid tank to the liquid dis-
charge head. The liquid tank together with the liquid dis-
charge head is mounted on a carriage configured to con-
duct reciprocating motion (main). The present invention
is also applicable to such a liquid discharge head and a
liquid discharge apparatus that the liquid tank is not
mounted on the liquid discharge head and the liquid tank
and the liquid discharge head are connected to each oth-
er through a tube. In another embodiment of the present
invention, a fixed liquid discharge head may discharge
liquid onto a moving recording medium, to thereby form
an image.
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Overview of Liquid Discharge Apparatus

[0010] First, a schematic configuration and operation
of a liquid discharge apparatus of the present invention
are described with reference to FIGS. 1t0 5. FIG. 1is a
schematic top view illustrating the liquid discharge appa-
ratus and an internal mechanism of liquid storage units.
FIG. 2 is an overall perspective view of the liquid storage
units on which liquid tanks are mounted. FIG. 3 is an
exploded perspective view of the liquid storage units.
FIG. 4 is an overall perspective view of the liquid storage
units on which the liquid tanks are not mounted. FIG. 5
is a sectional view taken along the line 5-5 of FIG. 4.
[0011] A liquid discharge apparatus 10 is configured
to record a color image or a monochrome image on a
recording medium such as paper by using liquids (inks)
of four colors, that is, yellow (Y), black (Bk), cyan (C),
and magenta (M). The liquid contains pigments or dyes.
Asiillustrated in FIG. 1, the liquid discharge apparatus 10
includes a liquid storage unit 130, aliquid discharge head
110, a carriage 200 on which the liquid storage unit 130
and the liquid discharge head 110 are mounted, a pres-
sure control unit 300, and a paper feeding device (not
shown). The liquid storage unit 130 is capable of holding
liquid supplied from a liquid tank 160. A paper feeding
tray (not shown) is arranged on a bottom surface of the
liquid discharge apparatus 10. The recording medium
stacked on the paper feeding tray is fed by the paper
feeding device. The carriage 200 is supported on the
liquid discharge apparatus 10 by a support rail (not
shown), and is movable in the main scanning direction
H orthogonal to the conveyance direction P of the record-
ing medium. While the carriage 200 is moving in the main
scanning direction H, the liquid discharge head 110
mounted on the carriage 200 discharges the liquid toward
the recording medium, to thereby record an image on the
recording medium.

[0012] The liquid storage unit 130 comprises a plurality
of liquid storage units arranged corresponding to the
colors of the liquids to be used in the liquid discharge
apparatus 10. In this embodiment, four liquid storage
units 130 are arrayed in the main scanning direction H.
In each of the liquid storage units 130, yellow (Y), black
(BKk), cyan (C), or magenta (M) liquid is filled. The liquid
storage units of the respective colors are arrayed in the
order of Y, Bk, C, and M from the left in FIG. 1. In this
embodiment, two liquid storage units are integrated with
each other, and two sets of the two integrated liquid stor-
age units are arranged. Alternatively, the four liquid stor-
age units may be arranged independently of each other.
The four liquid storage units 130 are identical to each
other except that the filled liquid is different therebe-
tween.

[0013] The liquid discharge head 110 is arranged on
each liquid storage unit 130. In a surface of the liquid
discharge head 110 that opposes to the recording medi-
um, a plurality of discharge ports 115 configured to dis-
charge the liquid are formed for the respective colors as



5 EP 2 949 471 A2 6

illustrated in FIG. 6. The discharge ports 115 of the re-
spective colors are arrayed in line in a direction parallel
to the conveyance direction P of the recording medium.
The liquid discharge apparatus 10 includes a main con-
trol unit (not shown) configured to centrally control the
liquid discharge apparatus 10. An image signal is output
from the main control unit and input to a head control
board (not shown). Based on the image signal input to
the head control board, the liquid discharge head 110
discharges the liquid toward the recording medium
through the discharge ports 115. During the image for-
mation, the liquid discharge head 110 is driven in the
main scanning direction H to conduct reciprocating mo-
tion in the main scanning direction H.

[0014] To supply the liquid to the liquid storage unit
130 of each color, the liquid tank 160 may be mounted
on the liquid storage unit 130. In each liquid tank 160,
yellow (Y), black (Bk), cyan (C), or magenta (M) liquid is
filled. As illustrated in FIG. 2, the liquid tank has a rec-
tangular parallelepiped shape with its width dimension
smallerthan the dimensionsin other directions. The liquid
tank is mounted on the liquid storage unit 130 in such a
posture that the front surface extends in a substantially
vertical direction. The four liquid tanks 160 are identical
to each other except that the filled liquid is different ther-
ebetween. A pressing lever 180 configured to press each
liquid tank 160 to fix it to the liquid storage unit 130 is
arranged on the liquid storage unit 130. The four pressing
levers 180 are identical to each other except that the
liquid tank 160 to be pressed is different therebetween.

Liquid Storage Unit 130

[0015] The liquid storage unit 130 is described in more
detail with reference to FIGS. 6to 8C. FIG. 6 is a sectional
view of the liquid storage unit 130 taken along the line
6-6 of FIG. 4. FIG. 7A is a perspective view of a joint
member, which is illustrated in an inverted posture unlike
FIGS. 1to5foraclearview of a seal surface to be brought
into abutment against a seal member. FIG. 7B is a sec-
tional view taken along the line 7B-7B of FIG. 7A. FIGS.
8A and 8B are a perspective view and a plan view (top
view) of the seal member, respectively, for illustrating a
seal portion to be brought into abutment against the joint
member. FIG. 8C is a plan view (bottom view) of the seal
member, for illustrating a seal portion to be brought into
abutment against a liquid flow path member.

[0016] The liquid storage unit 130 includes a first liquid
storage chamber 131, a second liquid storage chamber
132, and a pressure control chamber 141. The liquid tank
160 is mountable on the first liquid storage chamber 131,
and the first liquid storage chamber 131 holds the liquid
supplied from the liquid tank 160. The first liquid storage
chamber 131 has a constant volume. The first liquid stor-
age chambers 131 are arrayed adjacent to each other in
the main scanning direction H. The first liquid storage
chamber 131 includes a liquid supply tube 145 to which
the liquid tank 160 is connected. The liquid supply tube
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145 protrudes in a direction orthogonal to the main scan-
ning direction H, and an end 150 of the liquid supply tube
145 engages with a supply port (not shown) of the liquid
tank 160. The liquid of the liquid tank 160 flows through
the liquid supply tube 145, and is supplied to the liquid
storage chamber through an introduction port 136.
[0017] The second liquid storage chamber 132 com-
municates with the first liquid storage chamber 131
through a communication portion 144. The pressure con-
trol chamber 141 is formed adjacent to the second liquid
storage chamber 132. The second liquid storage cham-
ber 132 and the pressure control chamber 141 are posi-
tioned below the introduction port 136 of the first liquid
storage chamber 131. The pressure control chamber 141
has an opening 156 connected to the pressure control
unit 300 described later, and the pressure of the pressure
control chamber 141 is changed through actuation of the
pressure control unit 300. The second liquid storage
chamber 132 and the pressure control chamber 141 are
tightly partitioned from each other by an elastic member
148. The description "tightly partitioned" means that the
air-tightness and the watertightness are both satisfied.
The elastic member 148 is deformable so as to increase
and decrease the volume of the second liquid storage
chamber 132in accordance with the pressure of the pres-
sure control chamber 141. The second liquid storage
chamber 132 and the pressure control chamber 141 are
collectively referred to as "elastic-member-storing cham-
ber 149". The elastic-member-storing chamber 149 has
a constant volume, and is partitioned into the second
liquid storage chamber 132 and the pressure control
chamber 141 by the elastic member 148. The first liquid
storage chamber 131 is defined by a wall member having
a lower air permeability per unit area than the elastic
member 148. The wall member of the first liquid storage
chamber 131 is thicker than the elastic member 148, and
the area of the inner surface of the first liquid storage
chamber 131 is larger than the surface area of the elastic
member 148.

[0018] The first and second liquid storage chambers
131 and 132 and the pressure control chamber 141 are
formed by a liquid flow path member 120, a joint member
133 positioned above the liquid flow path member 120,
and a seal member 140 inserted between the liquid flow
path member 120 and the joint member 133. The liquid
flow path member 120 holds the liquid discharge head
110. The liquid flow path member 120 includes a flow
path 121 connecting the first liquid storage chamber 131
to the liquid discharge head 110, and a liquid-holding
member 135. The liquid-holding member 135 is posi-
tioned between the first liquid storage chamber 131 and
the liquid discharge head 110 to function as a filter con-
figured tofiltrate the liquid. The liquid tank 160 is mounted
on the joint member 133. The elastic member 148 has a
thin structure to have high air permeability, but the first
and second liquid storage chambers 131 and 132 are
mostly formed by the joint member 133 and the liquid
flow path member 120, and hence air is less liable to
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permeate the first and second liquid storage chambers
131 and 132. In this embodiment, the elastic member
148 is a part of the seal member 140. The liquid in the
liquid tank 160 flows from the liquid supply tube 145
through the first liquid storage chamber 131 that is mainly
formed by the joint member 133, and is supplied to the
liquid discharge head 110 through the liquid-holding
member 135 and the flow path.

[0019] The liquid supply tube 145 is integrated with the
joint member 133 (first liquid storage chamber 131) for
the purpose of cost reduction. Itis preferred that the outer
diameter of the liquid supply tube 145 be as small as
possible to prevent leakage of the liquid under a state of
engaging with the liquid tank 160. When the liquid tank
160 is mounted on the liquid supply tube 145 or when
tumbling vibration is applied with the liquid supply tube
145 engaged with the liquid tank 160, however, a signif-
icant stress is generated in a base of the liquid supply
tube 145, and the liquid supply tube 145 may be broken
in some cases. Thus, the base of the liquid supply tube
145 may have a larger outer diameter and thickness.
[0020] Itis preferred that the joint member 133 and the
liquid flow path member 120 that form the first liquid stor-
age chamber 131 be thicker for the purpose of reducing
the air permeability. In the present invention, the first lig-
uid storage chamber 131 has a constant volume, and
hence there is no need to deform the first liquid storage
chamber 131. Therefore, there is no limitation on the
thicknesses of the joint member 133 and the liquid flow
path member 120. To enhance sealing performance of
the seal member 140, it is desired that the seal surfaces
of the joint member 133 and the liquid flow path member
120 have as high flatness as possible. Considering those
points, the joint member 133 and the liquid flow path
member 120 are molded of a material obtained by adding
fillers into a modified polyphenylene ether (PPE), which
is a resin material excellent in mechanical strength and
low in coefficient of thermal shrinkage.

[0021] When assembling the liquid storage unit 130,
as illustrated in FIG. 3, a seal member 140 is mounted
on the liquid flow path member 120 corresponding to
each color, on which the liquid discharge head 110 is
fixed. Next, as illustrated in FIG. 4, the joint member 133
corresponding to each color (in this embodiment, having
an integrated configuration for two colors) is fixed onto
the liquid flow path member 120 by screw fastening with
the seal member 140 interposed therebetween. A liquid-
holding member 137 described later is press-fitted to the
jointmember 133 in advance. The joint member 133 may
be fixed onto the liquid flow path member 120 by ultra-
sonic welding, heat staking using a boss, ultrasonic stak-
ing, or the like.

[0022] Thesealmember 140 has arib-shaped first seal
portion 146 on its upper surface. Only one first seal por-
tion 146 is arranged, and extends continuously so as to
surround the first and second liquid storage chambers
131 and 132 and the pressure control chamber 141 (both
of the first liquid storage chamber 131 and the elastic-
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member-storing chamber 149). The seal member 140
has two rib-shaped second seal portions 147a and 147b
on its lower surface. The second seal portions 147a and
147b each abut against the top surface (seal surface) of
the liquid flow path member 120 and respectively extend
along the periphery of the first liquid storage chamber
131 and the peripheries of the second liquid storage
chamber 132 and the pressure control chamber 141
(elastic-member-storing chamber 149) independently of
each other. The first seal portion 146 and the second
seal portion 147a extending along the periphery of the
firstliquid storage chamber 131 are configured to prevent
leakage of the liquid in the first and second liquid storage
chambers 131 and 132 to the outside. The second seal
portion 147b surrounding the pressure control chamber
141 is configured to prevent, particularly when the elastic
member 148 is deformed, leakage of the liquid from the
second liquid storage chamber 132 to the pressure con-
trol chamber 141, and to prevent entry of air from the
pressure control chamber 141 to the second liquid stor-
age chamber 132. Those seal portions secure sealing
between the joint member 133 and the outside including
the pressure control chamber 141 and between the liquid
flow path member 120 and the outside. Thus, the first
and second liquid storage chambers 131 and 132 are
formed into hermetic spaces except for the introduction
port 136 for the liquid and the flow path 121 connected
to the liquid discharge head 110.

[0023] The joint member 133 has a partition wall 143
configured to partition the first liquid storage chamber
131 and the second liquid storage chamber 132 (elastic-
member-storing chamber 149) from each other. The par-
tition wall 143 has the communication portion 144, which
is a cutout opposing to projections 151a and 151b of the
seal member 140 described later and connecting the first
liquid storage chamber 131 and the second liquid storage
chamber 132 to each other. Thatis, the partition wall 143
has a flat portion brought into abutment against the pro-
jections 151a and 151b and a recessed portion (commu-
nication portion 144) kept out of abutment against the
projections 151a and 151b. As illustrated in FIG. 7B, the
cutout or recessed portion allows the first liquid storage
chamber 131 to communicate with the second liquid stor-
age chamber 132, to thereby form an integrated space
for storing the liquid. With the recessed portion, the struc-
ture of a die to be used for molding the joint member 133
is simplified, thereby being capable of enhancing the du-
rability of the die.

[0024] The partition wall 143 of the joint member 133
may have a continuous top surface without the recessed
portion. FIG. 9is a perspective view of another joint mem-
ber 133 when viewed in the same direction as that of
FIG.7A.FIG. 10is a perspective view of a corresponding
seal member 140 when viewed in the same direction as
that of FIG. 8A. The partition wall 143 has a through-hole
153 connecting the first liquid storage chamber 131 and
the second liquid storage chamber 132 to each other.
Thatis, the communicating portion between the first liquid
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storage chamber 131 and the second liquid storage
chamber 132 is not opened at the top surface of the par-
tition wall 143 of the joint member 133. The seal member
140 has two first seal portions 146a and 146b abutting
against the joint member 133 and respectively extending
along the periphery of the elastic-member-storing cham-
ber 149 and the periphery of the first liquid storage cham-
ber 131 independently of each other. Second seal por-
tions 147a and 147b are the same as those of the above-
mentioned embodiment described with reference to
FIGS. 7A and 7B. In this embodiment, the processing of
a metal mold for the seal member 140 is simplified. The
structure of a metal mold for the joint member 133 can
be an inclined slide mold.

Seal Member 140 and Elastic Member 148

[0025] The configurations of the seal member 140 and
the elastic member 148 are described in more detail. As
described above, the elastic member 148 of this embod-
iment is formed as a part of the seal member 140. The
seal member 140 has the elastic member 148 and an
opening portion 152, which are partitioned from each oth-
er by a central coupling portion 154. As illustrated in
FIGS. 3 and 6, the elastic member 148 is positioned on
the liquid supply tube 145 side, whereas the opening por-
tion 152 is positioned on an opposite side thereof. Fur-
ther, the elastic members 148 are arrayed adjacent to
each other in the main scanning direction H. The outer
shape of the seal member 140 is a hexagonal shape, but
is not limited thereto. As illustrated in FIG. 3, the seal
member 140 corresponding to the color liquid may have
a hexagonal shape, whereas the seal member 140 cor-
responding to the black liquid may have an octagonal
shape. In the case of the hexagonal seal member 140,
the elastic member 148 and the opening portion 152 both
have a pentagonal shape, but the shape is not limited
thereto. As illustrated in FIG. 3, the elastic member 148
corresponding to the color liquid may have a pentagonal
shape, whereas the elastic member 148 corresponding
to the black liquid may have a hexagonal shape.

[0026] The sealmember 140 has the projections 151a,
151b, 152a, and 152b in a region that is on the side op-
posite to the region in which one of the first seal portion
146 and the pair of the second seal portions 147a and
147b is arranged and is a region in which the other is not
arranged. Specifically, on a surface of the seal member
140 that opposes to the joint member 133, the first pro-
jections 151aand 151b extend along the central coupling
portion 154. On a surface of the seal member 140 that
opposes to the liquid flow path member 120, the second
projections 152a and 152b extend along an outer periph-
eral portion 155 in the vicinity of intersection points be-
tween the outer peripheral portion 155 and the central
coupling portion 154. When one seal portion is not ar-
ranged in a region that is on the side opposite to the
region in which the other seal portion is arranged, the
seal member 140 is not compressed equally from both

10

15

20

25

30

35

40

45

50

55

sides, and hence the sealing performance may be de-
graded particularly under a high-temperature environ-
ment. With the projections, the seal member 140 is com-
pressed equally from both sides, and hence satisfactory
sealing performance can be maintained even under the
high-temperature environment. The peak of the projec-
tion isrounded, but may be angulated. With the projection
having an angulated peak, the screw fastening force can
be reduced when fixing the joint member 133 onto the
liquid flow path member 120 with screws.

[0027] As described above, the first seal portion 146
brought into abutment against the joint member 133 is
arranged so as to surround the first and second liquid
storage chambers 131 and 132 and the pressure control
chamber 141. The second seal portions 147a and 147b
brought into abutment against the liquid flow path mem-
ber 120 are arranged so as to surround the first liquid
storage chamber 131 and surround the second liquid
storage chamber 132 and the pressure control chamber
141 individually, and are not coupled to each other.
Therefore, when the seal member 140 is erroneously
mounted upside down, the first and second liquid storage
chambers 131 and 132 communicate with the atmos-
phere through the communication portion 144 as a cutout
or recessed portion, with the result that the hermeticity
of the first and second liquid storage chambers 131 and
132isdecreased. The decrease in hermeticity may affect
a bubble returning function. When a leakage test is con-
ducted, it can be detected whether or not the seal mem-
ber 140 is mounted upside down. A leakage test for the
first seal portion 146 and the second seal portion 147a
surrounding the first liquid storage chamber 131 is con-
ducted by introducing air to the first liquid storage cham-
ber 131 through the liquid supply tube 145 to pressurize
the first liquid storage chamber 131 (first leakage test).
Aleakage test for the second seal portion 147b surround-
ing the pressure control chamber 141 is conducted by
introducing air to the pressure control chamber 141
through a decompression port 142 to pressurize the pres-
sure control chamber 141 (second leakage test). The first
leakage test and the second leakage test are conducted
individually. To enhance the sealing performance, the
two second seal portions 147a and 147b may be coupled
to each other to surround the first and second liquid stor-
age chambers 131 and 132 and the pressure control
chamber 141 in one loop.

[0028] The seal member 140 is integrally molded of
rubber, including various portions such as the elastic
member 148, the outer peripheral portion 155, the central
coupling portion 154, and the first and second seal por-
tions 146a, 146b, 147a, and 147b as described above.
To realize high deformation performance of the elastic
member 148, liquid contact property with the liquid to be
used, followability of the seal portion, and the like, the
seal member 140 may be formed of, for example, ethyl-
ene propylene diene monomer (EPDM) rubber. When
the joint member 133 and the liquid flow path member
120 are formed of modified PPE containing fillers, the
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fillers may be exposed on the seal surface due to fluctu-
ation of a cooling state during the molding. Even when
thefillers are exposed to cause fluctuation of the flatness
of the seal surface, satisfactory sealing performance can
be secured by using EPDM. As the seal member 140,
chlorinated butyl rubber or the like may be used as well.
[0029] FIG. 11isasectional view of the elastic member
148. The elastic member 148 has a convex sectional
shape protruding to an opposite side of the pressure con-
trol chamber 141. Specifically, the elastic member 148
has a flat outer peripheral portion 148b, a flat inner pe-
ripheral portion 148a, and an intermediate portion 148c
connecting the outer peripheral portion 148b and the in-
ner peripheral portion 148a to each other and being in-
clined relative to the outer peripheral portion 148b and
the inner peripheral portion 148a. In a bubble returning
process described later, the elastic member 148 is de-
formed so that the convex portion is oriented in an op-
posite direction, that is, toward the pressure control
chamber 141 side (is inverted) due to a negative pressure
of the pressure control chamber 141. When the negative
pressure is released, the elastic member 148 is restored
to the original shape due to its elastic restoration force.
The elastic member 148 may be convex toward the pres-
sure control chamber 141 side (lower side in FIG. 5). In
this case, the pressure control chamber 141 is pressu-
rized with use of the pressure control unit 300. It is pre-
ferred that the hardness (rubber hardness) of the elastic
member 148 be about 20 degrees to 70 degrees from
the viewpoint of restorability to the original shape.
[0030] The intermediate portion 148c¢ is inclined rela-
tive to the outer peripheral portion 148b at an angle 6 of
more than 0 degrees and less than 90 degrees, prefer-
ably more than 0 degrees and less than 65 degrees. With
this shape, when the elastic member 148 is deformed,
the volume of the second liquid storage chamber 132 is
changed significantly, thereby reducing the number of
times of the bubble returning process. When the inclina-
tion angle is equal to or more than 90 degrees, the elastic
member 148 is not restored to the original shape in some
cases due toresistance generated at the supporting point
of the inversion at the time of inversion.

[0031] The outer peripheral portion 148b of the elastic
member 148 is thicker than the inner peripheral portion
148a. Thus, the restoration force to be generated when
the elastic member 148 is inverted becomes greater, with
the result that the elastic member 148 is easily restored
to the original shape. It is preferred that the thickness of
the outer peripheral portion 148b be about 0.5 mmto 1.3
mm, that the thickness of the inner peripheral portion
148a be about 0.2 mm to 1.0 mm, and that the thickness
of the outer peripheral portion 148b be 1.5 times or more
as large as the thickness of the inner peripheral portion
148a.

[0032] Elastic members 148 according to other em-
bodiments of the present invention are described with
reference to FIGS. 12 to 14. In those embodiments, the
thickness of the elastic member 148 (a sheet in the em-

10

15

20

25

30

35

40

45

50

55

bodiment of FIG. 14) is uniform, preferably about 0.5 mm
to 1.3 mm.

[0033] Inthe embodiment illustrated in FIG. 12, a coil
spring 157 configured to bias the elastic member 148 is
arranged between the inner peripheral portion 148a of
the elastic member 148 and a bottom surface of the elas-
tic-member-storing chamber 149. The spring 157 may
be arranged on a top surface of the elastic-member-stor-
ing chamber 149. With the spring 157, the restoration
force of the elastic member 148 is increased so that the
elastic member 148 is easily restored to the original
shape. As a result, the reliability of bubble returning is
enhanced.

[0034] In the embodiment illustrated in FIG. 13, an
elastic member 148d has a circular or elliptical planar
shape. The elastic member 148d has no folding or ridge
line, and hence the resistance generated at the support-
ing point of the inversion at the time of inversion is small.
The elastic member 148d is deformed continuously, and
hence stable restorability can be obtained.

[0035] In the embodiment illustrated in FIG. 14, the
elastic member 148 includes a flexible sheet 158 fixed
to the joint member 133 by welding and includes the
spring 157 being configured to bias the sheet 158 and
having one end supported on the sheet 158 and the other
end supported on the liquid flow path member 120. It is
preferred that the sheet 158 be formed of the same ma-
terial as that of the joint member 133. The flexible sheet
158 may be fixed to the liquid flow path member 120, and
the other end of the spring 157 may be supported on the
joint member 133. A plate 159 is fixed to the end portion
of the spring 157, and the spring 157 is fixed to the sheet
158 through the plate 159. The sheet 158 is fixed so as
to be able to be bent after the welding. The sheet 158
has smaller resistance generated at the supporting point
of the inversion at the time of inversion than the above-
mentioned elastic member 148 formed of EPDM or chlo-
rinated butyl rubber, and hence stable restorability can
be obtained.

[0036] The elastic member 148 may be arranged in-
dependently of the seal member 140. Referring to FIG.
15, the second liquid storage chamber 132 and the pres-
sure control chamber 141 (elastic-member-storing
chamber 149) are formed adjacent to the joint member
133 at an upper part of the joint member 133. The joint
member 133 has a communication portion 144 connect-
ing the second liquid storage chamber 132 to the first
liquid storage chamber 131. The second liquid storage
chamber 132 is positioned on a side surface on an op-
posite side of the introduction port 136 of the first liquid
storage chamber 131. The elastic member 148 is fixed
to an elastic member retaining plate 167 by heat or ul-
trasonic welding, heat staking, or clamping with screws.
In this embodiment, the elastic-member-storing chamber
149 is defined by the joint member 133 and the elastic
member retaining plate 167, and is partitioned into the
second liquid storage chamber 132 and the pressure
control chamber 141 by the elastic member 148. The
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communication portion 144 is positioned above a point
corresponding to a half of the total height of the first liquid
storage chamber 131. Because bubbles stagnate in an
upper portion, the volume of the second liquid storage
chamber 132 is changed through the deformation of the
elastic member 148 in the vicinity of the bubbles, thereby
being capable of moving the bubbles with a greater force.
Thus, the efficiency of returning the bubbles into the liquid
tank 160 is enhanced.

Meniscus Holding Structure for Liquid

[0037] A meniscus holding structure for liquid is de-
scribed with reference to FIGS. 16A and 16B. As illus-
trated in FIG. 16A, the liquid-holding member 137 is ar-
ranged in the first liquid storage chamber 131. A minute
clearance (for example, 0.1 mm to 0.3 mm) is formed
between the liquid-holding member 137 and an inner wall
of the joint member 133 so that a meniscus portion of the
liquid is formed between the liquid-holding member 137
and the wall surface of the joint member 133. The liquid
is held in the meniscus portion, and hence, even when
the liquid tank 160 is removed from the liquid supply tube
145, the liquid-holding member 135 maintains a state of
being covered with the liquid, thereby being capable of
constantly retaining the liquid in the liquid discharge head
110. The same effect can also be expected immediately
after the liquid tank 160 is mounted on the liquid supply
tube 145. When printing is continuously performed under
a state in which the liquid-holding member 135 is ex-
posed, an air path is formed above the liquid-holding
member 135, with the result that the liquid cannot con-
tinuously be supplied from the liquid tank 160 to the liquid
discharge head 110. Thus, when the liquid is not present
on the liquid-holding member 135, a cap recovery proc-
ess or a liquid loading process using the liquid tank 160
is necessary under a state in which the liquid tank 160
of each color is mounted. As a result, the waiting period
is increased due to the above-mentioned processes
when printing is desired immediately after the used liquid
tank 160 is removed and a new liquid tank 160 is mount-
ed. In this embodiment, the liquid is constantly held be-
tween the introduction port 136 and the liquid-holding
member 135 due to a force of the meniscus generated
by the liquid-holding member 137, and the liquid is sup-
plied to the liquid-holding member 135, thereby being
capable of starting the printing immediately after the lig-
uid tank 160 is mounted.

[0038] As illustrated in FIG. 16B, an inlet opening 151
for forming the meniscus portion may be formed in the
liquid supply tube 145. The flow path of the liquid supply
tube 145 is bent by a right angle in the vicinity of the end
portion on an opposite side of the first liquid storage
chamber 131 and penetrates the tube wall of the liquid
supply tube 145 to open at the side wall of the liquid
supply tube 145. The inlet opening 151 is reduced in sec-
tional area as compared to the flow path in the other part
of the liquid supply tube 145. For example, the inner di-
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ameter of the liquid supply tube 145 is setto ¢ 1 mm to
2 mm, and the inner diameter of the inlet opening 151 is
set to ¢ 0.3 mm to 0.5 mm, with the result that the me-
niscus portion of the liquid can be formed in the inlet
opening 151. Thus, the above-mentioned liquid-holding
member 137 is unnecessary. The liquid supply tube 145
having the inlet opening 151 as described above cannot
be molded integrally with the joint member 133, and
hence the liquid supply tube 145 and the joint member
133 are manufactured separately and then joined to each
other. The liquid supply tube 145 and the joint member
133 may be joined to each other by, for example, heat
welding, ultrasonic welding, bonding, or screw fastening
or heat staking with the seal member 140 interposed ther-
ebetween.

Bubble Returning Mechanism and Bubble Returning
Process

[0039] A bubble returning mechanism and the bubble
returning process are described with reference to FIGS.
17Ato 17C. As illustrated in FIG. 17A, the bubble return-
ing mechanism of the liquid discharge apparatus 10 in-
cludes the pressure control unit 300 connected to the
pressure control chamber 141. The pressure control unit
300 includes a decompression flow path 303 connected
to the pressure control chamber 141, a pump 301 posi-
tioned on the decompression flow path 303, and a motor
(not shown) configured to drive the pump 301. The pres-
sure controlunit 300 further includes a flow path switching
portion 302 positioned on the decompression flow path
and between the pump 301 and the pressure control
chamber 141, and an atmosphere release tube 311
branched from the decompression flow path 303 at the
flow path switching portion 302. The flow path switching
portion 302 is a valve configured to switch the pump 301
and the atmosphere release tube 311 therebetween. The
decompression flow path 303 includes a first flow path
303a being formed in the liquid storage unit (liquid flow
path member 120) and connecting the pressure control
chamber 141 and the decompression port 142 to each
other, and a second flow path 303b connecting the de-
compression port 142 to the pump 301 or the atmosphere
release tube 311. In this embodiment, the second flow
path 303b is a tube, and the pump 301 is a tube pump
including a rotator configured to press the tube, but the
second flow path 303b and the pump 301 are not limited
thereto. The pump 301 of this embodiment is configured
to decompress the pressure control chamber 141, but is
also capable of pressurizing the pressure control cham-
ber 141.

[0040] In the bubble returning process, the elastic
member 148 is deformed repeatedly so that the bubbles
(air and liquid) in the first liquid storage chamber 131 are
removed and returned into the liquid tank 160. The bubble
returning process is executed when filling the liquid of
the liquid tank 160 to the first liquid storage chamber 131
for the first time, or when replacing the used liquid tank
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160 with a new liquid tank 160. The used liquid tank 160
is replaced with the new liquid tank 160 when the remain-
ing amount of the liquid of the first liquid storage chamber
131 becomes equal to or less than a predetermined
amount. The bubble returning process may be executed
periodically or in response to a command from a user.
Further, the bubble returning process may be executed
when activating the recording apparatus after the record-
ing apparatus is not used for a long period of time. In this
case, air may permeate the first liquid storage chamber
131 to contain bubbles in the first liquid storage chamber
131.

[0041] Referring to FIG. 17A, the liquid of the liquid
tank 160 is consumed, and the liquid of the first liquid
storage chamber 131 is partially consumed as well. A
suction pad 320 and the second flow path 303b that are
coupled toa guide unit330 are arranged on a side surface
of the paper feeding device, and the second flow path
303b is connected to the pump 301. The first flow path
303a passes through the liquid flow path member 120 to
connect the pressure control chamber 141 and the de-
compression port 142 to each other. Next, as illustrated
in FIG. 17B, the carriage 200 is moved so that the liquid
storage unit 130 mounted on the carriage 200 is moved
in the main scanning direction H. When the carriage 200
reaches the right end portion of the liquid discharge ap-
paratus 10, the decompression port 142 formed in the
liquid flow path member 120 abuts against the suction
pad 320. The suction pad 320 is formed of such an elastic
member that the air-tightness is enhanced to the extent
possible. After that, the consumed liquid tank 160 is re-
placed with a new liquid tank 160. The carriage 200 may
be moved after the liquid tank 160 is replaced in advance.
[0042] Next, the pump 301 is actuated. Due to the air-
tightness of the suction pad 320, the pump 301 discharg-
es air in the pressure control chamber 141 through the
decompression flow path 303 and the flow path switching
portion 302, to thereby decompress the pressure control
chamber 141. As illustrated in FIG. 5, the first flow path
303a includes individual flow paths 303c connected to
the pressure control chambers 141 of the respective lig-
uid storage units 130 and includes a common flow path
303d connecting the respective individual flow paths
303c to the pump 301 through the decompression port
142 and the flow path switching portion 302. Thus, all the
pressure control chambers 141 can be decompressed
at the same time only by connecting the suction pad 320
to the decompression port 142. The elastic member 148
is pulled toward the pressure control chamber 141 side
so that the elastic member 148 is inverted. As a result,
the volume of the second liquid storage chamber 132 is
increased, and the liquid corresponding to the increased
volume is introduced into the first liquid storage chamber
131 from the liquid tank 160.

[0043] Next, as illustrated in FIG. 17C, the pressure
control chamber 141 is opened to the atmosphere. Spe-
cifically, the flow path switching portion 302 is switched
to the atmosphere release tube 311 so that the pressure
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control chamber 141 is opened to the atmosphere
through the decompression flow path 303, the flow path
switching portion 302, and the atmosphere release tube
311. The pressure control chamber 141 has the atmos-
pheric pressure again, and the elastic member 148 is
restored to the original shape due to the elastic restora-
tion force, with the result that the pressure in the pressure
control chamber 141 is increased. The liquid-holding
member 137 has an opening 137a formed at a position
opposing to the introduction port 136 of the first liquid
storage chamber 131, and bubbles 500 present mainly
in an upper part of the first liquid storage chamber 131
pass through the opening 137a and move from the intro-
duction port 136 to the liquid tank 160. Next, the atmos-
phere released state of the pressure control unit 300 is
terminated, and the pressure control chamber 141 is de-
compressed by the pump 301. Then, the pressure control
chamber 141 is opened to the atmosphere. Subsequent-
ly, the decompression of the pressure control chamber
141 using the pump 301 and the opening of the pressure
control chamber 141 to the atmosphere are repeated so
that the elastic member 148 acts as a pump, thereby
being capable of efficiently moving the bubbles in the first
liquid storage chamber 131 to the liquid tank 160.
[0044] In the embodiment in which the liquid-holding
member 137 is not arranged as illustrated in FIG. 16B,
the bubbles directly flow from the first liquid storage
chamber 131 into the liquid supply tube 145, and are
returned into the liquid tank 160. When returning the bub-
bles, the liquid stagnating in the meniscus portion is not
returned into the liquid tank 160, and hence the bubbles
stagnating in the upper part of the joint member 133 can
be returned into the liquid tank 160 more efficiently.
[0045] When the pressure for inverting the elastic
member 148 is extremely small (for example, 3 KPa to
8 KPa), the deformation of the elastic member 148 be-
comes smaller, and hence the amount of the liquid to be
introduced from the liquid tank 160 is decreased. As a
result, the amount of the bubbles to be returned into the
liquid tank 160 per bubble returning process is de-
creased, and hence the efficiency of returning the bub-
bles is degraded. When the pressure for inverting the
elastic member 148 is excessively large as described
later, on the other hand, the meniscus at the discharge
ports 115 of the liquid discharge head 110 is broken, with
the result that liquid droplets may be exposed to the out-
side of the discharge ports 115. When the liquid droplets
are exposed to the outside of the discharge ports 115,
the colors may be mixed between the color liquids. Fur-
ther, when the discharge port surface is covered with the
liquid to close the discharge ports 115, the liquid dis-
charge direction is fluctuated, which may result in unsat-
isfactory printing. Thus, the actuation pressure of the
pump 301 is set so that the elasticmember 148 is inverted
with such a pressure as to avoid the breakage of the
meniscus (for example, 8 KPa to 30 KPa).

[0046] FIGS. 18A to 18C illustrate a bubble returning
mechanism according to another embodiment of the
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present invention. In this embodiment, the carriage 200
is moved to separate the decompression port 142 from
the suction pad 320, to thereby open the pressure control
chamber 141 to the atmosphere. The first flow path 303a
inside the liquid flow path member 120 and the second
flow path 303b outside the liquid flow path member 120
are connectable to and disconnectable from each other
through the movement of the carriage 200 in the main
scanning direction H. Referring to FIG. 18A, the suction
pad 320 is separated from the decompression port 142,
and hence the pressure control chamber 141 does not
communicate with the pump 301. Next, as illustrated in
FIG. 18B, the carriage 200 having the liquid storage unit
130 mounted thereon is moved in a direction of the suc-
tion pad 320, and the decompression port 142 is brought
into close contact with the suction pad 320. The pressure
control chamber 141 communicates with the pump 301
through the second flow path 303b. The pump 301 is
activated to decompress the pressure control chamber
141 through the first and second flow paths 303a and
303b. As a result, the elastic member 148 is inverted to
decompress the pressure control chamber 141. The op-
eration described above is similar to the operation illus-
trated in FIGS. 17A and 17B. Next, as illustrated in FIG.
18C, the carriage 200 having the liquid storage unit 130
mounted thereon is moved in the opposite direction, to
thereby separate the decompression port 142 from the
suction pad 320. The pressure control chamber 141 is
opened to the atmosphere through the first flow path
303a, and thus the elastic member 148 is restored to the
original shape. In this embodiment, the flow path switch-
ing portion 302 and the atmosphere release tube 311 are
unnecessary, thereby being capable of simplifying the
configuration of the liquid discharge apparatus 10.

[0047] As described above, in the present invention,
the bubble returning process can be executed with a sim-
ple configuration including the elastic member 148 and
the deformation unit for the elastic member 148. Thus,
the bubbles can be securely returned into the liquid tank
160, thereby reducing the risk of affecting the liquid.
There is no need to deform the joint member 133 itself,
and hence the mechanism for deforming the joint mem-
ber 133 is unnecessary. Further, the joint member 133
can have a thick rigid configuration. As a result, the air
permeability of the first liquid storage chamber 131 is
reduced, and bubbles are less liable to be generated in
the first liquid storage chamber 131. Therefore, the fre-
quency of the bubble returning process can be reduced.

Color Mixing Preventing Mechanism

[0048] In the present invention, the first liquid storage
chamber 131 is pressurized so as to return bubbles into
the liquid tank 160. It is possible to prevent breakage of
the meniscus at the discharge ports 115 by appropriately
setting the actuation pressure of the pump 301, but in
some cases, it is difficult to prevent breakage of the me-
niscus at the discharge ports 115 simply by setting the
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actuation pressure of the pump 301 due to various limi-
tations. Therefore, an additional configuration for main-
taining the meniscus at the discharge ports 115 is de-
scribed. First, the relationship between the meniscus and
the pressure of the first liquid storage chamber 131 is
described with reference to FIGS. 17A to 17C.

[0049] InFIG. 17A, the pressure control chamber 141
communicates with the atmosphere, and the first liquid
storage chamber 131 is not affected by the negative pres-
sure of the liquid tank 160 or the pressure change due
to the displacement of the elastic member 148. The liquid
remaining inside the first liquid storage chamber 131 is
held by a meniscus force generated at the discharge
ports 115 of the liquid discharge head 110 and a menis-
cus force generated between the joint member 133 and
the liquid-holding member 137.

[0050] InFIG. 17B, a new liquid tank 160 is mounted,
the pressure control chamber 141 is decompressed by
the pump 301, and hence the elastic member 148 is in-
verted. The volume of the second liquid storage chamber
132 is increased, and liquid in an amount corresponding
to the increased volume is introduced into the first liquid
storage chamber 131 from the liquid tank 160. In order
to maintain the meniscus at the discharge ports 115, the
meniscus force at the discharge ports 115 is raised to be
larger than the negative pressure of the liquid tank 160.
In order to invert the elastic member 148 to draw the
liquid from the liquid tank 160, it is necessary to raise the
negative pressure generated in the first liquid storage
chamber 131 by the inversion of the elastic member 148
to be larger than the negative pressure of the liquid tank
160. Further, in order to maintain the meniscus at the
discharge ports 115, the meniscus force at the discharge
ports 115 is required to be larger than the negative pres-
sure generated by the inversion of the elastic member
148.

[0051] InFIG. 17C, the pressure control chamber 141
is opened to the atmosphere to restore the elastic mem-
ber 148, and thus the bubbles 500 in the first liquid stor-
age chamber 131 are pushed out to move into the liquid
tank 160. The bubbles present between the first liquid
storage chamber 131 and the liquid-holding member 137
are required to break the meniscus at the liquid-holding
member 137 to return into the liquid tank 160, and hence
the pressure generated by the restoration of the elastic
member 148 is required to be larger than the meniscus
force of the liquid-holding member 137. Further, when
the pressure generated by the restoration is larger than
the meniscus force at the discharge ports 115, the me-
niscus at the discharge ports 115 is broken, and the liquid
in the liquid discharge head 110 leaks out from the dis-
charge ports 115. When the liquids of the respective
colors overflowing from the discharge ports 115 are
mixed with each other, a color different from an original
color is generated, which affects the printing.

[0052] In view of the above, it is necessary to satisfy
the following relationship:
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(meniscus force at discharge ports 115)>(pressure
generatedin firstliquid storage chamber 131 through
restoration of elastic member 148)>(meniscus force
at liquid-holding member 137).

[0053] Therefore, in the bubble returning process, the
pressure generated in the first liquid storage chamber
131 when the elastic member 148 is restored is required
to be smaller than the meniscus force at the discharge
ports 115 of the liquid discharge head 110. Therefore, in
the following embodiment, a flow resistance increase
portion 400 is arranged. The flow resistance is increased
at the periphery of the flow resistance increase portion
400, and thus the flow resistance increase portion 400
can decrease the pressure generated in the first liquid
storage chamber 131 when the elastic member 148 is
restored so as to be smaller than the meniscus force at
the discharge ports 115 of the liquid discharge head 110.
The flow resistance increase portion 400 generally has
a configuration with a reduced flow path sectional area
as described below. Alternatively, the shape of the tube
wall, the shape of the tube path, or the like may be
changed, and any configuration may be utilized as long
as the flow resistance is increased. The flow resistance
increase portion 400 limits the flow rate of air flowing into
the pressure control chamber 141, to thereby prevent
abruptincrease in pressure of the pressure control cham-
ber 141. The amount of air per unit time flowing into the
pressure control chamber 141 is reduced so that the res-
toration speed of the elastic member 148 or the change
in volume of the second liquid storage chamber 132 per
unit time can be reduced. Thus, the change in pressure
of the first liquid storage chamber 131 generated by the
restoration of the elastic member 148 can be reduced. It
is possible to obtain a similar effect by reducing the sec-
tional areas of the first and second flow paths 303a and
303b, but because molding and welding become difficult
and the effect of the pump 301 is reduced, it is preferred
to arrange the flow resistance increase portion 400.

[0054] FIG. 19 illustrates the arrangement position of
the flow resistance increase portion 400. When the pres-
sure control chamber 141 is opened to the atmosphere
by the atmosphere release tube 311 as illustrated in
FIGS. 17A to 17C, the flow resistance increase portion
400 may be arranged in the decompression flow path
303 in a range of from the pressure control chamber 141
to the flow path switching portion 302, or on the atmos-
phere release tube 311. When the pressure control
chamber 141 is opened to the atmosphere through the
movement of the carriage 200 as illustrated in FIGS. 18A
to 18C, the flow resistance increase portion 400 may be
arranged in the first flow path 303a. When the flow re-
sistance increase portion 400 is arranged in the first flow
path 303a, it is desired to arrange the flow resistance
increase portion 400 as close to the connection portion
between the first flow path 303a and the second flow path
303b as possible. When the flow resistance increase por-
tion 400 is arranged in the second flow path 303b, it is
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desired to arrange the flow resistance increase portion
400 as close to the flow path switching portion 302 as
possible. When the flow resistance increase portion 400
is arranged on the atmosphere release tube 311, it is
desired to arrange the flow resistance increase portion
400 at an atmosphere-release-side end portion 311a. As
described above, when the flow resistance increase por-
tion 400 is arranged away from the pressure control
chamber 141, the flow path from the flow resistance in-
crease portion 400 to the pressure control chamber 141
is increased in length, and the volume including the pres-
sure control chamber 141 and the flow path is increased.
Therefore, the ratio of the air inflow amount to the volume
including the pressure control chamber 141 and the flow
path is decreased. Thus, the restoration speed of the
elastic member 148 can be further reduced, thereby be-
ing capable of suppressing the change in pressure of the
first liquid storage chamber 131.

[0055] In an example, the sectional area of the flow
resistance increase portion 400 is 0.008 mm2 to 0.78
mm2, and the length L of the flow resistance increase
portion 400 is 5 mm or more. The rubber hardness of the
elastic member 148 is 20 degrees to 50 degrees, and
the thickness of the elastic member 148 is 0.4 mmto 1.5
mm. The meniscus force generated at the discharge
ports 115 of the liquid discharge head 110 is 450 mmAq
or more, and the negative pressure of the liquid tank 160
is -35 mmAq or less.

[0056] Various embodiments of the flow resistance in-
crease portion 400 are described. Referring to FIGS. 20A
and 20AS, the flow resistance increase portion 400 has
a through-hole 401. In the illustrated example, the
through-hole 401 has a circular shape, but the shape is
not limited thereto, and an arbitrary shape such as an
elliptical shape or a rectangular shape may be employed.
Referring to FIGS. 20B and 20BS, the flow resistance
increase portion 400 has a cutout 402 so that a section
reduced portion is formed together with the inner surface
of the tube path. The configuration has the cutout 402,
and hence a metal mold for the flow resistance increase
portion 400 is simplified as compared to that in the em-
bodiment of FIGS. 20A and 20AS. Thus, the manufac-
turing efficiency is enhanced. Asiillustrated in FIGS. 20C,
20CS, 20D, and 20DS, the flow resistance increase por-
tion 400 in a valve form may also be used. The flow re-
sistance increase portion 400 is opened as illustrated in
FIGS.20C and 20CS, and is closed asiillustrated in FIGS.
20D and 20DS. In order to suppress the change in pres-
sure of the firstliquid storage chamber 131, the maximum
opening area (valve opening degree) or the opening and
closing speed (change rate of opening area per unit time)
of the flow resistance increase portion 400 (valve) may
be controlled.

[0057] While the presentinvention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
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as to encompass all such modifications and equivalent
structures and functions.

Claims

1.

A liquid storage unit, comprising:

afirst liquid storage chamber having a constant
volume and being capable of holding liquid sup-
plied from a liquid tank;

a second liquid storage chamber communicat-
ing with the first liquid storage chamber;

a pressure control chamber configured to
change a pressure of the pressure controlcham-
ber through actuation of a pressure control unit;
and

an elastic member being configured to tightly
partition the second liquid storage chamber and
the pressure control chamber from each other
and being deformable so as to increase and de-
crease a volume of the second liquid storage
chamber in accordance with the pressure of the
pressure control chamber,

wherein the elastic memberis capable of remov-
ing bubbles in the first liquid storage chamber
by increasing and decreasing the volume of the
second liquid storage chamber through the de-
formation.

2. A liquid storage unit according to claim 1, further

comprising an elastic-member-storing chamber con-
figured to store the elastic member, wherein the elas-
tic-member-storing chamber is partitioned into the
second liquid storage chamber and the pressure
control chamber by the elastic member.

A liquid storage unit according to claim 1, further
comprising:

a liquid flow path member configured to hold a
liquid discharge head configured to discharge
the liquid, the liquid flow path member compris-
ing a flow path connecting the first liquid storage
chamber to the liquid discharge head;
ajointmember on which the liquid tank is mount-
ed; and

aseal member configured to seal a gap between
the liquid flow path member and the joint mem-
ber,

wherein the liquid flow path member, the joint
member, and the seal member form the first lig-
uid storage chamber, the second liquid storage
chamber, and the pressure control chamber,
and

wherein the elastic member is a part of the seal
member.
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4. A liquid storage unit according to claim 3,

wherein the seal member comprises:

one first seal portion configured to abut against
the joint member and extend continuously so as
to surround the first liquid storage chamber, the
second liquid storage chamber, and the pres-
sure control chamber; and

two second seal portions configured to abut
against the liquid flow path member and respec-
tively extend along a periphery of the first liquid
storage chamber and along peripheries of the
second liquid storage chamber and the pressure
control chamber independently of each other,

wherein the joint member comprises a partition wall
configured to partition the first liquid storage cham-
ber and the second liquid storage chamber from
each other, and

wherein the partition wall has a cutout connecting
the first liquid storage chamber and the second liquid
storage chamber to each other.

A liquid storage unit according to claim 4, wherein
the seal member comprises a projection in a region
that is on the side opposite to a region in which one
of the one first seal portion and the two second seal
portionsis arranged and is a region in which the other
of the one first seal portion and the two second seal
portions is not arranged.

A liquid storage unit according to claim 3,
wherein the seal member comprises:

two first seal portions configured to abut against
the joint member and respectively extend along
a periphery of the first liquid storage chamber
and along peripheries of the second liquid stor-
age chamber and the pressure control chamber
independently of each other; and

two second seal portions configured to abut
against the liquid flow path member and respec-
tively extend along the periphery of the first liquid
storage chamber and along the peripheries of
the second liquid storage chamber and the pres-
sure controlchamberindependently of each oth-
er,

wherein the joint member comprises a partition wall
configured to partition the first liquid storage cham-
ber and the second liquid storage chamber from
each other, and

wherein the partition wall has a through-hole con-
necting the first liquid storage chamber and the sec-
ond liquid storage chamber to each other.

A liquid storage unit according to claim 1, further
comprising:
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a liquid flow path member configured to hold a
liquid discharge head configured to discharge
the liquid, the liquid flow path member compris-
ing a flow path connecting the first liquid storage
chamber to the liquid discharge head;
ajointmember on which the liquid tank is mount-
ed; and

aseal member configured to seal a gap between
the liquid flow path member and the joint mem-
ber,

wherein the liquid flow path member, the joint
member, and the seal member form the first lig-
uid storage chamber,

wherein the elastic member is arranged inde-
pendently of the seal member, and

wherein the second liquid storage chamber
communicates with the first liquid storage cham-
ber at a position above a point corresponding to
a half of a total height of the first liquid storage
chamber.

A liquid storage unit according to claim 1, further
comprising a liquid supply tube connecting the first
liquid storage chamber to the liquid tank, the liquid
supply tube being integrated with the first liquid stor-
age chamber.

A liquid storage unit according to claim 1, further
comprising a liquid supply tube connecting the first
liquid storage chamber to the liquid tank, the liquid
supply tube having an inlet opening that is formed
atan end portion on an opposite side of the first liquid
storage chamber and reduces sectional area to form
a meniscus.

A liquid storage unit according to claim 1, wherein
the elastic member comprises:

a flat outer peripheral portion;

a flat inner peripheral portion; and

an intermediate portion connecting the flat outer
peripheral portion and the flat inner peripheral
portion to each other and being inclined relative
to the flat outer peripheral portion and the flat
inner peripheral portion.

A liquid storage unit according to claim 10,

wherein the intermediate portion is inclined relative
to the flat outer peripheral portion atan angle of more
than 0 degrees and less than 90 degrees, and
wherein the flat outer peripheral portion is thicker
than the flat inner peripheral portion.

A liquid storage unit according to claim 1, wherein
the elastic member has one of a circular planar shape

and an elliptical planar shape.

A liquid storage unit according to claim 1, further
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14.

15.

16.

17.

18.

19.
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comprising a spring configured to bias the elastic
member.

A liquid storage unit according to claim 1, wherein
the elastic member comprises:

a flexible sheet configured to tightly partition the
second liquid storage chamber and the pressure
control chamber from each other; and

a spring being configured to bias the flexible
sheet and having one end supported on the flex-
ible sheet and the other end supported on one
of the second liquid storage chamber and the
pressure control chamber.

A liquid storage unit according to claim 1, further
comprising a liquid-holding member arranged in the
first liquid storage chamber and configured to form
a meniscus between the liquid-holding member and
a wall surface of first liquid storage chamber, the
liquid-holding member having an opening formed at
a position opposing to an introduction port of the first
liquid storage chamber for the liquid supplied from
the liquid tank.

A liquid storage unit according to claim 1, wherein
the first, liquid storage chamber has a lower air per-
meability per unit area than the elastic member.

A liquid storage unit according to claim 1, wherein
the first liquid storage chamber has a wall member
thicker than the elastic member.

A liquid storage unit according to claim 1, wherein
the liquid tank is removably mountable on the first
liquid storage chamber.

A liquid discharge apparatus, comprising:

the liquid storage unit according to claim 1;
a liquid discharge head; and

the pressure control unit,

wherein the pressure control unit comprises:

a flow path connected to the pressure con-
trol chamber;

a pump positioned on the flow path;

a flow path switching portion positioned on
the flow path and between the pump and
the pressure control chamber; and

an atmosphere release tube branched from
the flow path at the flow path switching por-
tion.

20. A method of removing bubbles from a liquid storage

unit, the method comprising:

allowing a liquid tank to communicate with a first
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liquid storage chamber having a constant vol-
ume and communicating with a second liquid
storage chamber; and

increasing and decreasing a volume of the sec-
ond liquid storage chamber to move bubbles
present in the first liquid storage chamber to the
liquid tank,

wherein the volume of the second liquid storage
chamber is capable of being increased and de-
creased by changing a pressure of a pressure
control chamber that is tightly partitioned from
the second liquid storage chamber by an elastic
member to thereby deform the elastic member,
and

wherein the bubbles in the first liquid storage
chamber are capable of being removed by in-
creasing and decreasing the volume of the sec-
ond liquid storage chamber through deformation
of the elastic member.
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